Introduction: Knowledge on epidemiology of the disease in the contemporary world will help to develop appropriate strategies to curtail the transmission during an outbreak. This study was carried out during an outbreak of conjunctivitis in selected areas of Puducherry, South India, to assess the attack rate of conjunctivitis, identify factors associated with developing conjunctivitis and calculate household secondary attack rate (HSAR) of conjunctivitis and its correlates. Methodology: During December 2014, a community-based survey was conducted in a selected urban and rural area in Puducherry, South India. Simple random sampling was used to select primary sampling units and systematic sampling to select households. All individuals in the selected households were studied. A questionnaire was used to obtain data on sociodemographic characteristics, conjunctivitis during September-November, 2014, and number of household contacts who developed conjunctivitis within 7 days of index case. The attack rate and HSAR of conjunctivitis was expressed as percentage. Multivariate logistic regression was used to find factors independently associated with developing conjunctivitis and also 100% HSAR. Results: Of 3193 study participants from 772 households, 509 (15.9%, 95% confidence interval 14.7-17.2%) had an attack of conjunctivitis during the reference period. Of the 772 households, 218 (28.2%) had at least one case of conjunctivitis. Of 218 households, 33 (15.1%) households had 100% HSAR. Lower age, not being unemployed, low socioeconomic status, and residing in rural area were independently associated with developing conjunctivitis. Index case being male and living in a household with ≥5 members were independently associated with 100% HSAR. Conclusion: In the outbreak under study, more than one-fourth of households had at least one case of conjunctivitis and about one in every six individuals had an attack of conjunctivitis.
Conjunctivitis is a disease of ocular adnexa caused due to the inflammation of the mucous membrane of conjunctiva. The common symptoms of conjunctivitis consist of redness, itching, watering or discharge, and foreign body sensation. Conjunctivitis can be classified as epidemic and nonepidemic conjunctivitis. Epidemic conjunctivitis is mainly the hemorrhagic type and is subject to surveillance by world health systems. The main feature of outbreak of conjunctivitis is the rapid spread and number of cases that tend to occur in a short duration of time. [1] India being a tropical country is vulnerable to many ocular infections. The first reported outbreak of conjunctivitis was in the year 1965; since then more than 25 outbreaks have been recorded. Most of the outbreaks were due to viral etiology. [2, 3] Even during an outbreak, the number of conjunctivitis cases clinically reported will be less as it is usually benign and self-limiting condition and use of over the counter drugs for the same will decrease the reporting. Hence, with hospital-based reporting, there is a gross underestimate of the disease burden. Hospital-based studies mostly emphasized on the microbiological pattern rather than the actual disease burden. [4, 5] There is need for community-based studies to find the actual extent of conjunctivitis during an outbreak.
Community-based studies in India, assessing attack rate of conjunctivitis, were done at least two decades back. The studies showed high attack rate during the outbreak; a study in Goa (1981) reported 29.4% and study in Delhi (1994) reported 47.8%. [6, 7] Over the time, there has been steady improvement in the literacy level and also awareness related to personal hygiene. The anticipated decline in attack rate can be taken as a proxy for the impact of public health interventions widely practiced in the country. Also, identifying the risk groups with high attack rate in the present scenario will help to deliver focused public health interventions.
There are no data from India regarding household secondary attack rate (HSAR) of conjunctivitis. Conjunctivitis has high transmission potential and hence susceptible household contacts are at high risk of developing disease. The studies from other parts of the world show HSAR as high as 50%. [8, 9] Assessing HSAR and its correlates plays a major role in curtailing the household transmission. There was an outbreak of acute conjunctivitis with increased number of cases being reported during the months of September-November, 2014 in Puducherry, South India. Hence, the study was carried out in the selected areas of Puducherry (1) to assess the incidence proportion (attack rate) of conjunctivitis during the outbreak, (2) identify factors associated with developing conjunctivitis, and (3) calculate HSAR of conjunctivitis among the household contacts and its correlates.
Methodology

Study design and setting
A community-based cross-sectional analytical study was conducted in selected areas of Puducherry, South India. The study was conducted in the urban and rural field practice area of a tertiary care teaching institute. Puducherry is a union territory located on the shores of Bay of Bengal in South India. This study was part of a larger study that captured health seeking behavior and economic loss during an episode of conjunctivitis.
The urban field practice area is located within the city of Puducherry. It has a population of around 9000 spread over four wards, namely, Kuruchikuppam, Vaithikuppam, Vazhaikulam, and Chinnayapuram. With an urban slum, fishermen colony, and French colony, the urban field practice area has very diverse population. Both private and public healthcare providers are located within this area, and people have good access to health facilities.
The rural field practice area is located around 16 km from Puducherry. Rural practice area has a population of around 9500 spread over villages, namely, Ramanathapuram, Pillaiyarkuppam, Thondamanatham, and Thuthipet. People mainly depend on agriculture and cattle rearing for livelihood. There are few migrants settled in Thuthipet village, who work in industries nearby. A majority of them seek care from rural health center. There are two private care providers in the area and also a medical college hospital at around 5 km.
Study population and participants
All the individuals in the selected areas were included in the study. Using nMaster software (Department of Biostatistics, Christian Medical College, Vellore, India), the minimum sample size was calculated to be 1900, assuming 10% attack rate of conjunctivitis during outbreak, relative precision of 20%, design effect of 2, and nonresponse rate of 10%.
Multistage sampling was used to select the participants. The primary sampling units (PSUs) were wards and villages in the urban and rural practice area, respectively. Out of four wards and four villages, two of each were selected through simple random sampling. The PSUs randomly selected were Pillaiyarkuppam, Thuthipet, Chinnayapuram, and Vaithikuppam. The households in each of these selected PSUs were included in the study using systematic random sampling. The first household among initial 10 households in each PSU was selected using simple random sampling. After selecting first household, further households were included with sampling interval of three. All the individuals in each of the selected houses were included in the study. If house was locked during the initial visit, one more visit was done next day before dropping that house from the study.
The informant in each house was interviewed after obtaining informed verbal consent. The study protocol was approved by the clinic administration panel.
Study variables and tool
Data on household variables such as number of individuals residing in the house and number of individuals who developed conjunctivitis within 7 days of index case were collected. Sociodemographic variables such as age, gender, education, occupation, marital status, and monthly income were also captured.
A self-designed structured interview schedule was used to collect data. The interview schedule was pretested for appropriateness of each question. Prior to field activities, training session was held for MBBS interns involved in data collection. Data were collected under the supervision of residents of the Department of Preventive and Social Medicine. 
Operational definition
Results
In total, 3193 individuals were included from 772 houses. Of the total 3193 participants, 1655 (51.8%) were females, 1730 (54.2%) were from rural area and mean (standard deviation) age was 30 (18.8) years. About 60% of the participants had completed at least 6 years of schooling, and 2666 (83.5%) belonged to socioeconomic status Class III or lower. Of the 3193 participants, 1100 (34.5%) were currently employed and 1595 (50%) were currently married [ Table 1 ]. Among the study participants, 509 (15.9%, 95% CI 14.7-17.2%) had an attack of conjunctivitis during the reference period and of them, 426 (83.7%) had both their eyes affected.
Of the 772 households, 218 (28.2%) had at least one case of conjunctivitis. There were 1030 individuals residing in these 218 houses. Of these 1030 individuals, 218 were index cases and 812 were household contacts. Of the 812 household contacts, 291 (35.8%) individuals developed conjunctivitis within 7 days of index case developing conjunctivitis (aggregate HSAR). Also, the median (interquartile range) of individual HSAR was found to be 33.3% (0-66.7%). Of these, 100% individual HSAR was found in 33 (15.1%) households whereas 80 (36.7%) households had zero individual household SAR.
On bivariate logistic regression, factors such as age, socioeconomic status, number of individuals living in a household, and area of living were found to be significantly (P < 0.05) associated with developing conjunctivitis. On multivariate analysis, lower age, not being unemployed, socioeconomic status of Class III or lower, and residing in a rural area were independently associated with developing conjunctivitis [ Table 2 ].
On multivariate analysis, primary cases of being a male and living in a household consisting of more than or equal to five members were found to be independently associated with developing 100% individual HSAR in houses with a conjunctivitis case [ Table 3 ].
Discussion
In the present study, about one in six individuals had developed conjunctivitis during the outbreak. The aggregate HSAR was found to be 35.8% and individual HSAR of 100% was 15%. Lower age, not being unemployed, socioeconomic status of Class III or lower, and residing in a rural area were independently associated with developing conjunctivitis. Individual HSAR of 100% was found significantly associated with the index case being male and living in a household with ≥5 members.
Two studies from India, one done in urban slums (1994) and another done in a rural area, (1981) showed an attack rate of 49.8% and 29.4%, respectively. [6, 7] In the current study, the attack rate was 15.9%, comparatively lower than previous studies. This difference may be due to the fact that the previous studies were conducted at a time when the awareness about conjunctivitis transmission and also hygienic practices were low. The most recent report on attack rate of conjunctivitis outbreak from Puerto Rico (2003) showed overall attack rate of around 13%, which was similar to our study result. [10] A facility-based study among school children in Gyeongju, South Korea (2002), showed a high attack rate of 57.1%; however, this cannot be generalized to the general population and it may not represent the magnitude of outbreak. [11] Similarly, age-specific attack rates were varied across different studies. The study from urban slums in India showed higher attack rates in persons aged more than 45 years whereas the study from rural Goa showed high attack rate among individuals aged between 15 and 24 years. [6] A study done in Guangdong province in China (1988) showed high attack rate in the age group between 20 and 59 years. [12] The attack rate was higher in school-aged children aged 5-14 years in the study done at Puerto Rico. [9] The current study result contradicts all the previous study results showing high attack rate in the age group of 5 years or less. Further research is needed to find the cause for this shift in age groups.
Our study shows people living in rural area have high attack rate and contradicts the finding from the Puerto Rico study which shows living in urban as more susceptible. [10] Comparatively, rural India is less literate and has poor hygienic practices compared to those living in urban. Although the urban slums mimic that of rural areas in India, the present study did not cover any typical urban slum. HSAR depends not only on the causative agent, its nature, or virility but also on hygienic practices, sociodemographic characteristics, environmental and sociocultural factors in the study population. This was the first study from India to calculate the aggregate HSAR (35.8%) in a conjunctivitis outbreak. The aggregate HSAR was similar to those found in studies done in other countries such as Mexico (37%) and Taipei city (33%). [8, 9] This was the first study to find the correlates of the primary case (or index case) in the house with developing a 100% individual HSAR. The results show that being a male and living in a house with five or more members were at the highest risk of having HSAR of 100%. Thus, awareness about disease transmission and safe hygiene practice interventions must be targeted at these people so as to reduce the HSAR and hence mitigate the spread of conjunctivitis.
The strengths of our study were as follows: First, this study covered a large number of people and hence giving more credibility for the results thus obtained. Second, the study was conducted in both rural and urban areas which helped in finding out the urban rural differentials in terms of attack rate during an outbreak of conjunctivitis. Third, we calculated both aggregate and also individual HSAR for the 1 st time in this region. Fourth, this study was first study in our setting which tried to find the correlates of developing conjunctivitis in the index case with occurrence of 100% HSAR. This study had few drawbacks: As this was interview-based study with a recall period of last 3 months, recall bias cannot be ruled out. The case definition was largely based on symptom nature and not on confirmed case records or investigations; hence, the agent factors could not be studied. Factors such as adequate knowledge and practices of personal hygiene were not studied as this may have a vital role in developing conjunctivitis.
This study has few implications. Our study showed that living in rural areas, having a lower socioeconomic status, and being an under-five child has a risk for developing conjunctivitis. The study also showed if the primary case is a male and living in a house with five or more members was associated with developing 100% HSAR. Awareness regarding the transmission of disease and its spread, especially targeted toward individuals living in lower socioeconomic strata and those in rural areas, has to be carried out to prevent the spreading of conjunctivitis. Safe, hygienic practices while handling under 5-year-old children can reduce the risk of developing conjunctivitis. These messages have to be given before the predicted outbreaks and also carried out intensively during the outbreak so as to mitigate the spread and reduce the number of affected people.
Conclusion
In the reference period, about one in six individuals had an attack of conjunctivitis. Under 5-year-old children were more affected compared to those in other age groups. Living in a rural area and belonging to low socioeconomic status had increased risk of developing conjunctivitis. Index case being male and living in a household of five or more members was found to be associated with 100% HSAR.
